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Background:  Bicompartmental  knee  arthroplasty  (BKA)  was  developed  to  treat  medial  tibiofemoral  and
patellofemoral  osteoarthritis  while  preserving  the  anterior  cruciate  ligament  to  optimise  knee  kine-
matics.  Our  objective  here  was to compare  the  probability  of  achieving  forgotten  knee  status  and  the
functional  outcomes  at least  two years  after  BKA  versus  total  knee  arthroplasty  (TKA).  We  hypothesised
that  contemporary  modular  BKA  produced  better  functional  outcomes  than TKA  after  at least  two  years,
for patients  with  similar  pre-operative  osteoarthritic  lesions.
Material  and methods:  We  conducted  a two-centre  prospective  controlled  study  of  34  consecutive  patients
who  underwent  BKA  between  January  2008  and January  2011.  Each  patient  was  matched  on age,  gender,
body  mass  index,  preoperative  range  of knee  ﬂexion,  centre,  and  surgeon  to  a patient treated  with  TKA.
An independent  observer  evaluated  all 68 patients  after  six  and  12  months  then  once  a year.  Forgotten
knee  status  was  deﬁned  as  a 100/100  value  of the  Forgotten  Joint  Score  (FJS-12)  and  each  of the  ﬁve KOOS
subscales.  We  also compared  the two groups  for knee  range  of motion,  Knee  Society  Scores  (KSSs),  Timed
Up-and-Go  test  (TUG),  and  UCLA  Activity  Score.
Results: At a mean  follow-up  of 3.8  ±  1.7  years,  the  probability  of  forgotten  knee  status  was  signiﬁcantly
higher  in  the  BKA  group  (odds  ratio,  4.64;  95%  conﬁdence  interval,  1.63–13.21;  P = 0.007,  Chi2 test).  Mean
post-operative  extension  was  not  signiﬁcantly  different  between  the groups,  whereas  mean  range  of
knee  ﬂexion  was  signiﬁcantly  greater  in  the BKA  group  (130◦ ±  6◦ vs.  125◦ ± 8◦ after  TKA;  P  =  0.03).  The
BKA group  had  signiﬁcantly  higher  mean  values  for the knee  and  function  KSSs,  TUG  test,  and  UCLA  score
(P  <  0.04  for  all four  comparisons).
Conclusion:  After  at least  two years,  contemporary  unlinked  BKA  was  associated  with  greater  comfort
during  everyday  activities  (forgotten  knee)  and  better  functional  outcomes,  compared  to TKA.  These
short-term  results  require  validation  in  randomised  trials  with  longer  follow-ups.
Level of evidence:  III, case-control  study.. Introduction
Bicompartmental knee arthroplasty (BKA) is deﬁned as resur-
acing of the medial tibiofemoral and patellofemoral compartments
f the knee. BKA was developed as a means of treating bicompart-
ental knee osteoarthritis while sparing both cruciate ligamentsnd the unaffected lateral tibiofemoral compartment [1,2]. In the
ast, bicompartmental knee osteoarthritis was treated either with
otal knee arthroplasty (TKA) or with medial unicompartmental
∗ Corresponding author.
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knee arthroplasty (UKA) in patients who  had little mild or no
patellofemoral symptoms [3,4]. For patients with bicompartmental
knee osteoarthritis, TKA requires sacriﬁcing not only the lesion-free
lateral tibiofemoral compartment, but also the central pivot of the
knee. The anterior cruciate ligament (ACL) is among the main vec-
tors of proprioception and plays a key role in ensuring normal knee
kinematics [5–7]. Therefore, knee-resurfacing techniques conﬁned
to the damaged and symptomatic compartments have been sug-
gested [8]. These ligament- and bone-sparing methods intend to
improve knee stability and preserve joint proprioception [9,10].
BKA can be achieved by using either two separate unlinked
modular components [8] or a single monolithic (monoblock)
implant [11] characterised by a ﬁxed size relationship between the
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not signiﬁcantly different in the cases and controls (Table 1 and
Fig. 2).
Table 1
Main features in the cases managed with bicompartmental knee arthroplasty and
the individually matched controls managed with total knee arthroplasty.
BKA TKA P value
Age (years), mean ± SD 61 ± 7 61 ± 8 0.9
Females/males 21/13 21/13
BMI  (kg/m−2), mean ± SD 27.5 ± 4 27.5 ± 4.5 0.8
Pre-op. ﬂexion (◦), mean ± SD 116 ± 12.5◦ 115.5 ± 13◦ 0.8
Pre-op. KSS function, mean ± SD 54.6 ± 13.2 51.8 ± 11.2 0.2
Pre-op. KSS knee, mean ± SD 45.2 ± 11.3 42.2 ± 11.3 0.2Fig. 1. Pat
atellofemoral and tibiofemoral components [12,13]. Monolithic
mplants have been recalled by the US Food and Drug Admin-
stration based on reports of tibial plateau fractures and ﬂexion
imitation due to the challenges raised by properly aligning both
ompartments when using a single implant [14]. Few data are
vailable on unlinked implants. In a published case-series study,
rst-generation implants resulted in fairly high revision rates with,
n particular, a 100% failure rate of uncemented femoral resurfac-
ng components [8]. Recently introduced anterior-cut cemented
atellofemoral implants, referred to as second-generation prosthe-
es, produced satisfactory biomechanical [15] and clinical [16,17]
utcomes in small cohort studies. However, no prospective con-
rolled studies on function with bicompartmental implants have
een reported to date.
Therefore, we performed a prospective matched case-control
tudy designed to compare BKA and TKA outcomes at a minimum
ollow-up of two years. Our goals were to compare:
the proportions of patients who achieved forgotten knee status,
deﬁned as the highest possible values on the 12-item Forgotten
Joint Score (FJS-12) [18,19] and Knee injury and Osteoarthritis
Outcome Score (KOOS) subscales [20,21];
clinical outcomes as assessed by range of motion, the Knee Society
Score (KSS) [22,23], and the UCLA activity score [24];
mean gains from baseline to last follow-up in terms of range of
knee ﬂexion, KSS, and UCLA activity score.
. Patients and methods
.1. Patient selection
Consecutive patients who underwent BKA between January
008 and January 2011 were included at either of two  surgical
entres (in Brussels, Belgium; and Marseille, France; respectively).
nclusion criteria were as follows: bicompartmental patellofemoral
nd medial tibiofemoral osteoarthritis (Ahlbäck [25] grade ≥ 2)
ith an intact lateral tibiofemoral compartment; knee ﬂex-
on > 100◦ and full extension; and clinically stable knee in theow chart.
coronal and sagittal planes indicating normal ACL function. Exclu-
sion criteria were valgus or varus deformity > 15◦ as measured on
the pre-operative full-length X-ray, deformity with lateral decoap-
tation persisting on stress radiographs; osteotomy and/or ligament
reconstruction in the past or scheduled to be performed during
knee arthroplasty; revision arthroplasty after UKA; prosthetic hip,
knee, or ankle in the contralateral or ipsilateral lower limb; and
diagnosis of any other musculo-skeletal disorder that might affect
post-operative function.
Potential individually matched controls scheduled for TKA were
identiﬁed at each centre. Controls were individually matched to
cases on age, gender, body mass index, pre-operative range of knee
ﬂexion, centre, and surgeon. To be eligible, controls had to meet
the same inclusion and exclusion criteria as the cases, except for
absence of lateral tibiofemoral osteoarthritis and for knee stabil-
ity in the coronal and sagittal planes. For each case, a matched
control was randomly selected among eligible controls who  under-
went TKA within one month before or after the date of BKA in
the case. Fig. 1 is the patient ﬂow chart and Table 1 lists the main
characteristics in each group. Pre-operative functional scores werePre-op. UCLA, mean ± SD 6 ± 3 5.5 ± 3.5 0.09
BKA: bicompartmental knee arthroplasty; TKA: total knee arthroplasty; BMI: body
mass index; Pre-op.: pre-operative; KSS: Knee Scoring System [22,23]; UCLA score:
University of California Los Angeles patient activity scale score [24].
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.2. Operative technique
The same subvastus approach with no tourniquet was  used
26] in all patients in both study centres. In each group, the same
mplants were used (Fig. 3): for BKA, the Gender SolutionsTM PFJ
ystem (Zimmer, Warsaw, IN, USA) and a medial tibiofemoral
UKTM implant (Zimmer); and for TKA, a cemented posterior-
tabilised LPS-Flex® prosthesis (Zimmer).
.3. Functional assessments
In each centre, an independent observer evaluated each patient
ccording to the same protocol six and 12 months after the
rthroplasty procedure then once a year. Each evaluation included
etermination of the FJS-12 score [18,19] and KOOS total and
ubscale values [20,21]. We  deﬁned forgotten knee status as the
aximal number of points (100/100) on the FJS-12 and on each ofhe ﬁve KOOS subscales (pain, other symptoms, activities of daily
iving, sport and recreation, and knee-related quality of life). Flexion
nd extension ranges were measured using a two-armed goniome-
er. The Knee Society Scores (KSS, function and knee) [22,23] were
ig. 3. a: pre-operative radiographs (antero-posterior, lateral, and skyline views) of a 65-
arums deformity; b: radiographs (antero-posterior, lateral, and skyline views) of the sametween the two  treatment groups for any of the ﬁve subscales (P > 0.05). DL: daily
used to assess knee function and the UCLA scale [24] to rate patient
activity.
2.4. Statistical analysis
Assuming a mean FJS-12 of 90% with an SD of 10%, 30 patients
were needed in each group to detect an at least 8% difference in the
proportion of patients having achieved forgotten knee status [19].
For the descriptive statistics of demographic features, functional
scores, and motion ranges, we used mean ± SD for continuous vari-
ables and n (%) for categorical variables. The Kolmogorov-Smirnov
test was applied to determine whether quantitative variables were
normally distributed. To compare the rate of forgotten knee status
between the two groups, we computed the odds ratios (OR) with
their 95% conﬁdence intervals (95% CIs) and applied the Chi2 test.
For between-group comparisons of variables, Student’s t test was
used when distribution was  normal and Wilcoxon’s test otherwise.All pre-planned statistical tests were two-tailed and P val-
ues < 0.05 were considered statistically signiﬁcant. Statistical
analyses were performed using SPSS software version 18 (IBM,
Armonk, NY, USA).
year-old woman with bicompartmental knee osteoarthritis and pre-existing genu
e patient three years after surgery.
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Table  2
Functional outcomes at least two years after bicompartmental knee arthroplasty
(cases) or total knee arthroplasty (individually matched controls).
BKA TKA P value
KSS function, mean ± SD 91 ± 5 85 ± 7 0.009
KSS knee, mean ± SD 94.5 ± 4.5 88 ± 8 0.01
Flexion (◦), mean ± SD 130 ± 6 125 ± 8 0.03
UCLA score, mean ± SD 7 ± 2 5.5 ± 2 0.01
BKA: bicompartmental knee arthroplasty; TKA: total knee arthroplasty; KSS: Knee
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. Results
Mean follow-up was 3.8 ± 1.7 years and minimal follow-up was
wo years. No patient was lost to follow-up. In the TKA group,
 patient with infection on post-operative day 15 required revi-
ion surgery for irrigation, debridement, and polyethylene implant
xchange, combined with appropriate antibiotic therapy for three
onths; no evidence of infection was detected at last follow-up.
one of the patients in the BKA group experienced post-operative
omplications.
All functional scores improved signiﬁcantly in both groups
Table 2). Signiﬁcantly higher mean values were observed in the
KA group compared to the TKA group for both the FJS-12 (82 ± 11,
ange 65-100; vs. 74 ± 16, range 55–100; P = 0.03) and all ﬁve KOOS
ubscale values (Fig. 4). Forgotten knee status was achieved by 20
59%) patients in the BKA group and 8 (23%) in the TKA group,
ielding an OR of 4.64 (95%CI, 1.63–13.21, P = 0.007 by Chi2 test).
Mean range of knee extension was not signiﬁcantly different
etween the two groups. Full knee extension was achieved by 32
94%) BKA patients and 29 (85%) TKA patients (P = 0.21 by Chi2).
ean range of knee ﬂexion was signiﬁcantly greater in the BKA
roup (130◦ ± 6◦ vs. 125◦ ± 8◦ in the TKA group; P = 0.03). The BKA
roup also had higher mean values for the KSS function score (91 ± 5
s. 85 ± 7 after TKA, P = 0.009) and KSS knee score (94 ± 4.5 vs.
8 ± 8; P = 0.01). The UCLA activity score at last follow-up was sig-
iﬁcantly better in the BKA group than in the TKA group (7 ± 2 vs.
.5 ± 2, respectively; P = 0.01).
The gain in knee ﬂexion was signiﬁcantly greater in the BKA
roup (14.1◦ ± 9◦) than in the TKA group (9.5◦ ± 12◦); P = 0.03).
oth parts of the KSS also showed signiﬁcantly greater improve-
ents in the BKA group compared to the TKA group: function,
6.5 ± 8 (range, 22–50) vs. 33.4 ± 7 (range, 21–44), respectively
P = 0.044); and knee, 49.1 ± 6 (range, 35–62) vs. 46 ± 5 (range,
92.1 91. 4
92.4
87.2
75.5
84.2
60
65
70
75
80
85
90
95
ig. 4. Values on the ﬁve KOOS subscales before arthroplasty. Values on all ﬁve subscales
otal  knee arthroplasty (TKA). DL: daily living. Surgery & Research 101 (2015) 547–552
29–54), respectively (P = 0.046). Mean improvements in the UCLA
activity score from baseline to last follow-up were not signiﬁcantly
different.
4. Discussion
Our ﬁndings conﬁrm our working hypothesis. The forgotten
knee rate and functional outcomes after at least two years were
better with BKA than with TKA.
Several limitations of our study should be underlined. Although
we used a prospective controlled design, the treatments were not
randomly allocated. The number of patients in each treatment arm
was limited. Pre-operative radiological status was not among the
matching criteria, and our inclusion criteria may  have selected
patients with better knee function in the BKA group compared to
the TKA group. To limit this source of selection bias, patients with
more than 15◦ of varus deformity or with persistent deformity on
valgus stress radiographs were excluded from the study. Thus, we
enrolled only patients with bicompartmental osteoarthritis, pre-
served ACL function, and substantial reduction of the deformity
in forced valgus. Consequently, all study patients were potential
candidates for BKA, as none had advanced osteoarthritis with ACL
rupture, a pivotal event in disease progression towards translation
of the tibia under the femur. Our decision to exclude such patients
with advanced osteoarthritis minimised the risk of selection bias,
thereby increasing the validity of the BKA-TKA comparison. Its
corollary is that our ﬁndings apply only to patients with limited
knee osteoarthritis meeting the inclusion and exclusion criteria
used for our study. Despite the absence of randomisation, to our
knowledge, this study provides the ﬁrst speciﬁc quality-of-life data
in patients with unlinked BKA versus TKA. In addition, our sample
size is among the largest in published studies of unlinked bicom-
partmental knee prostheses. Another limitation of our study is the
absence of data on radiological outcomes and implant survival.
We chose to focus on short-term clinical and functional outcomes,
without emphasising the radiographic ﬁndings. We  acknowledge
these limitations while pointing out that, to the best of our knowl-
edge, our work is the ﬁrst prospective matched case-control study
of speciﬁc short-term quality-of-life and functional outcomes after
unlinked BKA compared to TKA.
The likelihood of achieving forgotten knee status was  four times
higher after BKA than after TKA (OR, 4.64; 95%CI, 1.63–13.21;
Chi2 = 0.007). We  are not aware of previous studies reporting for-
gotten knee rates after BKA. The FJS was validated in patients
with either patellofemoral or tibiofemoral implants [18,19] but
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ot with BKA [18,19]. Nevertheless, our ﬁndings are consistent
ith previous data: in a study comparing TKA, medial UKA, and
atellofemoral arthroplasty, mean FJS-12 values were 73, 76, and
8, respectively [19]. The FJS-12 values in our study suggest that
KA outcomes may  more closely resemble those of medial UKA
han of patellofemoral arthroplasty. For our study, we deﬁned for-
otten knee status as the highest possible values on both the FJS-12
nd all ﬁve KOOS subscales. The rationale underlying this decision
s that combining these six measurements probably covers the full
pectrum of patient experience with knee prostheses [18,19].
All the functional scores and range of motion chosen as sec-
ndary outcome measures for this study improved after surgery in
oth groups. The ﬂexion-range ﬁndings are consistent with those
rom a study of 29 modular unlinked BKAs, in which ﬂexion range
mproved signiﬁcantly, from 122◦ ± 7◦ at baseline to 133◦ ± 6◦
fter a mean of 31 months [27]. Compared to our results, smaller
mprovements were noted in KSS function (from 52.3 to 82.7), KSS
nee (from 39.4 to 88.1 points), and mean KOOS (from 44.9 to 80.0).
hese differences may  be ascribable to the use in the earlier study of
roader inclusion and exclusion criteria: thus, some of the patients
ad a history of contralateral knee arthroplasty, single-stage bilat-
ral knee arthroplasty, or BKA with a lateral instead of a medial
ibiofemoral implant.
Functional outcomes were better in our patients after modular
nlinked BKA than in earlier studies of monolithic BKA. Palumbo
t al. [28] were the ﬁrst to report their experience with the mono-
ithic Journey-Deuce implant (Smith & Nephew Orthopaedics,
emphis, TN, USA), in 2011. After two years of follow-up, KSS func-
ion indicated a poor result in 14/36 (39%) patients, and only 7/36
19%) patients reported no pain after BKA. Survival without revi-
ion surgery was 86% [28]. A prospective cohort study compared 21
onolithic Journey-Deuce BKAs to 33 TKAs two years after surgery
29]. Functional outcomes were similar in the two  groups, despite
igniﬁcantly greater range of ﬂexion in the Journey-Deuce group.
owever, the Journey-Deuce implant was associated with a high
evision rate of 6/21 after only two years. A randomised controlled
rial comparing 25 monolithic Journey-Deuce implants to 25 TKAs
as reported in 2014 [14]. After two years, no signiﬁcant differ-
nce was detected in gait analysis, stair climbing, the KSS, or the
xford Knee Scores. The revision rate was higher in the Journey-
euce group than in the TKA group (3/25 vs. 1/25, respectively) [14].
hese poor results prompted the FDA to recall the Journey-Deuce
mplant. They may  be ascribable to the interindividual variability
n distal femur anatomy, which translates into different combina-
ions of optimal patellofemoral and tibiofemoral implant rotation.
nly unlinked bicompartmental prostheses allow separate adjust-
ent of the rotation of each component. Thus, with monolithic
mplants there have been reports of suboptimal position, which
ay  explain the ﬂexion-range limitation and pain documented in
ome case-series studies [30].
Our matched case-control study indicates that, after at least two
ears, contemporary modular BKA can provide greater improve-
ents in patient comfort during daily activities (forgotten knee
tatus) and functional outcomes, compared to TKA. Our compar-
tive results focussing on short-term functional outcomes require
urther evaluation in mid- and long-term follow-up studies involv-
ng both larger numbers of patients and the collection of data on
omplications and implant survival.
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